Environmental parameters are known to affect phycobilisomes. Variations of their structure and relative composition in phycobiliproteins have been observed. We studied the effect of irradiance variations on the phycobilisome structure in the cyanobacterium Spirulina maxima and discovered the appearance of new polypeptides associated with the phycobilisomes under an increased light intensity. In high light, the six rods of phycocyanin associated with the central core of allophycocyanin contained only one to two phycocyanin hexamers instead of the two to three they contained in low light. The concomitant disappearance of a 33-kD linker polypeptide was observed. Moreover, in high light three polypeptides of 29, 30, and 47 kD, clearly unrelated to linkers, were found to be associated with the phycobilisome fraction: protein labeling showed that a specific association of these polypeptides was induced by high light. One polypeptide, at least, would play the role of a chaperone protein. Not only the synthesis of these proteins, which appeared slightly increased in high light, but also their association with phycobilisome structure are light intensity dependent.
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Environmental parameters are known to affect phycobilisomes. Variations of their structure and relative composition in phycobiliproteins have been observed. We studied the effect of irradiance variations on the phycobilisome structure in the cyanobacterium Spirulina maxima and discovered the appearance of new polypeptides associated with the phycobilisomes under an increased light intensity. In high light, the six rods of phycocyanin associated with the central core of allophycocyanin contained only one to two phycocyanin hexamers instead of the two to three they contained in low light. The concomitant disappearance of a 33-kD linker polypeptide was observed. Moreover, in high light three polypeptides of 29, 30, and 47 kD, clearly unrelated to linkers, were found to be associated with the phycobilisome fraction: protein labeling showed that a specific association of these polypeptides was induced by high light. One polypeptide, at least, would play the role of a chaperone protein. Not only the synthesis of these proteins, which appeared slightly increased in high light, but also their association with phycobilisome structure are light intensity dependent.
In cyanobacteria, red algae, and cyanelles, the lightharvesting antennae of PSI1 are PBS bound to the extemal surface of thylakoid membranes. PBS consist of large protein complexes containing PBP and colorless linker polypeptides (L). The main PBP are AP, PC, and PE.
In I' BS, PBP are packed together to form disks (CohenBazire and Bryant, 1982 ) that consist of heterohexamers of a and P subunits of a single PBP (AP, PC, or PE). The disks are stacked to form cylinders and rods that are associated with the central core of AP attached to the thylakoidal membrane. In the rods, PC disks are proximal to the core, whereas PE disks, when they exist, are distal. Linkers in core and rods (Lc and LR, respectively) ensure stability of disks (Glazer, 1985) . Attachment of PBS on thylakoids (Redlinger and Gantt, 1982) and stability of the core are attributed to a (Isono and Katoh, 1987; Capuano et al., 1993) .
Irradiance, temperature, and presence or absence of nitrogen are all known to affect PBS composition and structure. Light intensity can modify both PBP content and PBS number. For example, in cyanobacteria such as Microcystis aeruginosa, HL results in a decrease in the number of PBS per cell, with their composition and structure remaining unchanged (Raps et al., 1985) , whereas in Synechococcus sp.
PCC 7002, it is only the PC content that is specifically decreased . It is also known that light quality controls the PBP contents in strains such as the cyanobacterium Calothrix PCC 7601, which is capable of complementary chromatic adaptation (Cohen-Bazire and Bryant, 1982; Tandeau de Marsac, 1991) .
Spirulina is the only species of cyanobacteria grown on an industrial scale and used mostly as a protein diet or as a source of blue pigments. Its major PBP are PC and AP (Clement, 1975) , and unlike most red algae and some cyanobacteria, Spirulina does not contain PE. These two PBP (PC and AP) have been purified from Spirulina platensis (Boussiba and Richmond, 1979) . Until now, no studies have been performed on the lightdependent regulation of PBP content and PBS structure in Spirulina, although it may have important consequences on the quality and quantity of the final industrial product. The present work shows that an increase in light intensity decreases both the PC and the specific 33-kD linker contents and modifies the PBS structure of Spirulina maxima. At the same time, we find that under high light, new polypeptides (P47, P30, and PZ9), unrelated to PC linkers and PBP, are found to be associated with the PBS fraction. One (P") might be a chaperone protein. For the two other polypeptides (P30 and PZ9), we have results showing that they are not breakdown products of the PBS components, but are specifically associated with the PBS as a response to the HL conditions. Spirulina maxima (Setch and Gardner) Geitler was obtained from the Laboratoire de Biologie Marine, Université Pierre et Marie Curie, Pans. The cells were grown according to Zarrouk (1966) at 2OoC with a photoperiod of 16 h irradiance, 8 h darkness. Cultures were continuously bubbled with sterile, water-saturated air. Light was provided by fluorescent tubes (cool-white Philips). Two different light intensities, 60 pE m-' s-l (LL) and 400 pE m-' s-' (HL), were used. We checked that the light intensity chosen was not high enough to produce photoinhibition (i.e. complete loss of photosynthetic activity after prolonged illumination). A typical HL phenotype was obtained only in cultures with a Chl a concentration lower than 2.5 pg mL-' of culture. The ikrease of cell concentration in HL conditions at the end of the exponential growth resulted in self-shading, which induced a phenotype very similar to the LL cell phenotype. Thus, to maintain a characteristic HL phenotype by avoiding self-shading, cultures were maintained at a diluted cell concentration (corresponding to a Chl a concentration lower than 2.5 pg mL-').
Conversely, when the cells were grown under 60 pE m-' s-', the LL phenotype was found to be independent of the Chl a concentration in the range 0.72 to 60 pg mL-'.
A third type of culture was performed under 400 pE m-* s-l in a nitrogen-depleted Zarrouk medium in which NaN03 was replaced by an equimolar quantity of NaCI.
Growth Parameters
The different growth parameters have been determined for cells harvested during the first 5 d of the exponential phase of culture, with a diluted cell suspension, either in LL or in HL conditions. Chl a was extracted with 90:lO methano1:water (v/v) and its concentration was determined according to Mackinney (1941) . PBP were determined spectrophotometrically (Bennett and Bogorad, 1973) . Proteins were measured by a modified Bradford method (1976) using the Bio-Rad reagent with BSA (Sigma) as a standard.
isolation of Subcellular Fractions

PBS
PBS were isolated accordmg to the procedure described by Gantt et al. (1979) . Cells were centrifuged and resuspended in 0.75 M KNa-phosphate buffer, pH 7.0, containing 1 m~ benzamidine and 1 m~ EDTA, then disrupted by French press (815 atm). PMSF (1 m~) and Triton X-100 (5%, w/v) were then added and incubation was allowed to proceed for 30 to 60 min with stirring before centrifugation at 48,OOOg for 15 min at 12OC. The resulting supematant containing solubilized proteins was recovered and further incubated for 20 to 30 min with 1 m~ PMSF and 3% Triton X-100 (w/v), and then centrifuged at 48,OOOg for 15 min (12OC) to discard aggregated material. The resulting supematant was layered on a discontinuous (0.25 M to 1 M) Suc density gradient in 0.75 M KNa-phosphate buffer, pH 7.0, containing 1 m~ EDTA, 1 m~ benzamidine. Ultracentrifugation was performed at 140,OOOg for 16 h at 12OC.
PBP
An aliquot of PBS was halyzed overnight at 4OC, against 1 m~ K-phosphate buffer, pH 7, containing 100 m~ NaC1,l m~ @-mercaptoethanol, and 1 m~ PMSF. The dalyzed fraction was loaded on a hydroxylapatite column ('1.6 cm X 10 cm) (HA Ultrogel, Sepracor, Marlborough, MA) previously equilibrated with the same buffer. The elution of protein fractions was performed by steps with increasind concentrations of phosphate buffer plus 0.1 M NaCI. The PC fraction associated with linkers (LRC3', LR33, LR34 ') was eluted with 20 m~ phosphate buffer. A 4 0 -m~ phosphate Concentration eluted a small amount of PC free of linkers, and finally associated with Lk'. The AP fractions were eluted with 60 m~ (AF' + LCl3) and 80 m~ phosphate (AP + LM").
Thylakoids
Cells were rinsed twice in 20 m~ Hepes-NaOH buffer, pH 6.8, resuspended in the same buffer, and ruptured with a French press (815 atm). Cell-free extracts were centrifuged on a Hepes-Suc (60%, w/v) layer at 1,OOOg for 10 min. The pellet was discarded and the supematant was centrifuged again on a Hepes-Suc (60%' w/v) cushion layer at 250,OOOg for 1 h. The membrane fraction (containing mairily thylakoid membranes) was collected at the Hepes/Hepes-S uc boundary and rinsed twice with Hepes-NaOH buffer and once with 1 M Tris-HC1 buffer, pH 8. All the steps were performed at 4OC and all buffers contained PMSF (1 m~) and berlzamidine (1 a). Chl a content was estimated as previously described.
Soluble Proteins
Cells were rinsed twice in a Suc (0.33 M)-K phosphate (0.5 M)-sodium citrate (0.33 M) buffer, pH 7.0, then broken by French press at 815 atm. Differential centrifugation (48,00Og, 30 min, 4OC) gave a pellet containing mainly thylakoidal fraction functionally associated with PBS (intact vesicles, according to Dilworth and Gantt, 1981 ) and a supematant containing the major part of soluble proteins, except PBP that remained associated with the thylakoid fragments. This supematant was used as the "soluble protein fraction."
Absorption Spectra
Absorption spectra of purified PBS fractions were made using a DW2 Aminco Chance spectrophot0mete:r. Difference spectra were also obtained on LL and HL samples, with absorbance normalized at 650 nm.
PAGE
Polypeptide separation according to apparent mol wt was performed on a polyacrylamide slab gel under denaturating conditions (LiDS) using the buffer system described by Laemmli (1970) , modified by Delepelaire and Chua (1979) , on a linear acrylamide gradient (9-18%). A modified system with LiDS instead of SDS and Tricine as cathode buffer was used to improve resolution of low mol wt polypeptides (Schagger and Von Jagow, 1987 (Glazer et al., 1979) . Fifty-to 1OO-pg protein samples were loaded in each lane.
Chemical Cleavage with N-Chlorosuccinimide
Polypeptides were first purified by preparative electrophoresis according to Schagger et al. (1988) , then treated in situ with N-chlorosuccinimide by incubating gel slices in 50% (v/v) acetic acid containing 26 pmol mL-' N-chlorosuccinimide. The reaction was allowed to proceed for 2 h at room temperature and was stopped by addition of 20 pL @-mercaptoethanol/mL of reaction medium, then diluted with 4 mL of H 2 0 (Shiozawa et al., 1989) . After elimination of the supematant, the gel fragments were rinsed in 1 M Tris buffer (pH 9) for 5 min and equilibrated in the denaturation buffer. They were further analyzed by LiDS-PAGE. The cleavage profiles were revealed by silver staining using the Bio-Rad silver stain kit.
Antibody Preparation and lmmunoblotting
Polypeptides were separated by preparative LiDS-PAGE and transferred to nitrocellulose sheets (Towbin et al., 1979) . The polypeptides were visualized on nitrocellulose by Ponceau red staining. The polypeptide bands LR33, and P30) were excised, ground in liquid nitrogen, and mixed with Freund adjuvant, then injected into rabbits at 2-week intervals (150 pg protein/injection). The final serum was collected 10 weeks after the first injection. For immunodetection, proteins were electrophoretically transferred from LiDS gels to nitrocellulose membranes. They were treated for 1 h with TTBS (0.5 M NaCl, 10 m~ Tris-HC1, pH 7.5, 0.2% Tween 20) containing 5% (w/v) nonfat milk and incubated overnight at 4OC with anti-P47, anti-LR33, or anti-P30 antibodies from S. maxima or antibodies raised against L M from Oscillatoria splendida strain L3 (Capuano et al., 1993 ) ( l / l O O O dilution for each assay). The membrane was washed and incubated for 1 h at room temperature with the secondary anti-rabbit antibody coupled to peroxidase (1/1000 dilution) in TTBS containing 0.5% (w/v) nonfat milk, and the site of fixation of the secondary antibody was visualized using 4-chloro-lnaphthol (HRP color development reagent, Bio-Rad) according to the manufacturer's instructions.
EM
PBS fractions purified on SUC density gradients were diluted with the appropriate KNa-phosphate buffer to an optical density of 0.1 at 615 nm. Particles were prepared for EM as described by Yamanaka and Glazer (1980) using uranyl acetate as a negative stain.
In Vivo 14C-Protein Labeling and Light Stress
To perform a transition from LL to HL, cells from 200 mL of LL culture were collected by centrifugation and resuspended in 20 mL of culture medium in which NaHC03 was replaced by an equivalent concentration of NaCl. This cell suspension was then light stressed for 2 h under a quantum flux of 400 pE m-' s-'. To check for protein synthesis after the light stress, the cell suspension was bubbled for 30 min with a nitrogen stream before addition of ['4C]-sodium bicarbonate (specific activity: 55.2 mCi m o l -' ; final concentration: 0.0125 mCi mL-' of culture) and incubated for 60 min with low agitation under a 150 pE m-'s-' quantum flux. Incorporation was stopped by elimination of the labeled precursor (three successive rinses with 0.75 M phosphate buffer). A labeling control of LL and HL cells, preincubated in the same light conditions as for their respective growth, was also obtained. Cells were further treated as previously described for PBS isolation. After LiDS electrophoresis, the polypeptides were transferred from polyacrylamide gels to nitrocellulose sheets as described above, before autoradiography.
RESULTS
Characteristics of LL and HL S. maxima Cells
Two phenotypes could be defined according to the quantum flux (see Table I ). The phenotypical characteristics of LL cells grown under 60 pE m-' s-' are a high PC/AP ratio (2.4) that does not vary whatever the cell concentration and a generation time of 70 h in the mid-exponential phase of growth. The main phenotypical characteristics of HI, cells grown under 400 pE m-' s-' are a low PC/AP ratio (1.2) and a shorter generation time of 20 h. The PBP/Chl a ratio is significantly lowered in HL. Based on the total protein content, HL cells contain one-fourth as much PBP than LL cells.
Structure and Composition of LL PBS
The LL PBS of S. maxima were observed by EM after negative staining (Fig. 1, A-E) . Structures similar to those previously described in Synechococcus PCC 7002 (Maxson et al., 1989) were observed with stacks of disks forming cylinders. They formed a central core composed of three cylinders and six rods that radiated from the core in a hemidiscoidal arrangement (Bryant et al., 1979) and were composed of two to three disks per rod.
As shown by the analysis of electrophoretic gels of purified PBS (Fig. 2, lane l) , the polypeptide composition of S. maxima LL PBS consists of PC and AP subunits associated with several linker polypeptides. The major subunits of PBP that camed chromophores were directly detected, whereas the other polypeptides were observed after Coomassie blue staining. The LCM97 and linker polypeptides were found associated with AP fractions in S. maxima PBS. We also observed a polypeptide called LM', which originated from , and L R 15 ) were co-purified with PC (data not shown, see 'Materials and Methods'). There was an additional polypeptide of 47 kD (P 47 ) present as a minor component, which does not belong to the known structure of the PBS; its role and origin will be discussed later. This polypeptide distribution, with the P 47 polypeptide put aside, was in agreement with those of other PC-containing cyanobacteria (Synechococcus sp. PCC 6301 [Glazer et al., 1983] or Synechococcus sp. PCC 7002 ) and, by analogy, we attributed a specific linker polypeptide to each rod hexamer: L R c 31 , L R 345 , and L R 33 associated with the proximal, medium, and distal disks, respectively. The results we obtained during nitrogen starvation, which is known to induce a sequential degradation of the PBS (Yamanaka and Glazer, 1980) 
HL-lnduced Changes in Pigment Content and PBS Structure
Pigment contents were examined in cultures maintained under either LL or HL. As already stated, the PC/AP ratio was higher (2.4) in LL cells than in HL cells (1.2) ( Table I) . Intact PBS from LL or HL conditions were recovered on Sue discontinuous gradient in the 0.75 and 0.62 M Sue layers, respectively, the HL particles migrating more slowly than the LL particles. Absorption spectra of PBS showed that the PC content was reduced in HL cultures. Indeed, there was a decrease of the 620-nm peak corresponding to the absorption maximum of PC (Fig. 3) . The difference spectrum (LL minus HL) normalized at 650 nm (Fig. 3) was clearly similar to a PC spectrum and also indicated the selective loss of PC with increased light intensity. The polypeptide analysis showed that HL intensity also induced a modification of the overall polypeptide composition, except for the AP subunits and their associated 1<M 97 and Lc 13 linkers. The most striking change for the PBS composition was the almost complete disappearance of the L R 33 PC linker (Fig. 2, lane 2) . Concomitant with the loss of the L R 33 , two new polypeptides (30 and 29 kD) appeared. In addition, the amount of P 47 was obviously enhanced. We also noticed the constitutive presence of L R 15 in both HL and LL particles (Fig. 2 , lanes 1 and 2) irrespective of the occurrence of L R 33 . Structural consequences of such changes were observed by EM after negative staining (Fig. 1) . Under HL (Fig. 1, F-J) , the radial rods were generally shorter: they contained one to two disks per rod instead of the two to three found in LL conditions (Fig. 1, A-E and the 47-kD polypeptide. The L R 33 linker was heavily labeled in both LL and HL PBS (Fig. 7, lanes 1 and 2) , although it was not found associated with the HL PBS (Fig.  2, lane 2) .
The application of the anti-P 47 antibodies to the different cellular fractions (thylakoids or soluble proteins) under the two light conditions revealed a relatively important quantity of P 47 in the soluble proteins (Fig. 4C , lanes 2 and 5) that was increased weakly in HL. The 47-kD polypeptide was highly labeled in LL particles (Fig. 7, lane 1) , but few molecules were associated with the PBS (Fig. 2, lane 1) . By contrast, in HL particles there was no difference between the labeled and nonlabeled amounts of P 47 associated with the PBS (Fig. 7 , lane 1, and Fig. 2, lane 2, respectively) , under which conditions the relative synthesis of PC was decreased.
To know if the synthesis of the new polypeptides P 30 and P 29 associated with HL PBS was fast, we transferred LL cells to HL, and within 2 h the P 30 and P :9 were already detectable (Fig. 7, lane 3) . On the contrary, when HL cells were transferred to low light, 2 h were not sufficient to induce any chococcus PCC 7002. Invariance of the core substructure was also noticed, as previously mentioned by Yamanaka and Glazer (1981) in Synechococcus 6301.
Induction of New Proteins under HL Conditions
The polypeptides, newly found associated with the PBS under HL, have never been mentioned before in the literature. To determine whether the polypeptides that appeared associated with the PBS fraction (P 47 , P
30
, and P
29
) were related to other PBS components or independent entities, we performed immunological and chemical cleavage experiments. The cross-reaction with the anti-P 30 antibodies were tested after western blotting for the fractions containing the thylakoids or the soluble proteins, under the two light conditions (Fig. 4B, lanes 2 and 5) . There was a strong reactivity with the soluble protein fraction. A small reaction could be sometimes detected in the thylakoidal fraction, probably due to contamination by some residual soluble proteins. It was interesting that with the anti-P 30 polyclonal antiserum there was no immunological relationship with the P 29 polypeptide. We wanted to determine the origin of these two proteins (P 30 and P
) and more particularly to verify if they could not proceed from a degradation of larger polypeptides. Using polyclonal anti-L R 33 (Fig. 5A ), anti-P 47 (Fig. 5B) , or anti-Lc M antibodies (Fig. 5C) , no cross-reactivity was shown with the P 30 and P 29 polypeptides. Moreover, after chemical cleavage of the different polypeptides with N-chlorosuccinimide, distinct peptide fragment profiles were obtained for L R (Fig. 7, lanes 1  and 2) mostly corresponded to the mass patterns observed in purified PBS (Fig. 2, lanes 1 and 2) , except for the L R 33 linker disappearance of the P 30 and P 29 (data not shown). These observations were in agreement with the fact that despite the photoperiodicity used for the cultures, the HL phenotype is retained after the dark period.
DISCUSSION
In the S. maxima PBS, the relative composition in PBP is largely affected by the light intensity; this is clearly demonstrated by our electrophoretic studies. The associated structural modifications are easily established according to the previous results that we have reported here and to our own observations with EM. When normalized to the amount of AP, less PC was synthesized under HL than under LL conditions. The PC decrease was associated with the disappearance of the distal disk, at least, of the rod substructure. The structural position of several polypeptides is more delicate: the case of the L R 15 polypeptide remains to be discussed, and actually, it is difficult to locate the P 47 , P
30
, and P 29 polypeptides precisely.
The new results we obtained with S. maxima concerned the polypeptide composition. The discussion of these results will lead us to attribute a putative role of a chaperone protein to a particular polypeptide of 47 kD, which until now was considered a contaminant de Lorimier et al., 1992) . In HL, we observed the appearance of two additional polypeptides, P 30 and P
29
, which had never been detected before, and the appearance was concomitant with the loss of the PC distal disk and the disappearance of the L R 33 polypeptide. ; no crossreaction was observed with the anti-L C M antibodies (Fig. 5C , lane 2), the anti-P 47 antibodies (Fig. 5B, lane 2) ; the three corresponding cleavage profiles for L R 34 5 , P
30
, and P 29 were specific for each polypeptide. P 30 and P 29 were different soluble polypeptides that belonged to a relatively small pool already present in LL cells and weakly increased by HL. In fact, only the PBS association of these two polypeptides was light intensity dependent.
Moreover, although the L R 33 polypeptide was not associated with the PBS in HL conditions, its synthesis was not affected. Thus, L R 33 must be regulated by the light intensity at a posttranslational level, and more precisely at the level of Conceming the origin and role of the 47-kD polypeptide, our results led us to consider that this polypeptide is playing an important role in the PBS elaboration and cannot be a contaminant as proposed by Bryant et al. (1990) and de Lorimier et al. (1992) for an analogous 45-kD polypeptide found in Synechococcus sp. PCC 7002. It is a soluble protein that belongs to a polypeptide pool larger than that of P30 and PZ9, clearly detectable in electrophoretic profiles of soluble proteins either in LL or HL. The 47-kD total concentration is weakly increased by the HL. The important fact is that the amount of that is associated with the PBS depends strongly on the light conditions: it is low in the LL phenotype and higher in the HL phenotype. Nevertheless, the P47 protein is highly labeled in LL conditions while it is weakly associated with the PBS. This suggests that there exists a transitory association of during the assembly of the PBS components. We also noticed that in the LL labeling profile, few of the core elements were synthesized de novo compared to the rod components. Since it is known that PBP are stable proteins without significant tumover (Tandeau de Marsac, 1991) , it is reasonable to consider that the 47-kD protein is specifically associated with the particle periphery. In view of these results we might consider the role of the protein to be that of a chaperone protein, sensitive to the variations of the environmental parameters such as light intensity. In HL conditions with cells in a stress state, the amount of P47 associated with the PBS would be increased to ensure a good cohesion of the structures.
Considering the analogy detected within the structure and composition of S. maxima PBS compared to similar PBS from PC-containing cyanobacteria , we could also attribute by analogy the role of rod terminator to the LR", as it was mentioned for the LR9 in Synechococcus sp PCC 7002 by de Lorimier et ai. (1990) . In our case, LR" would be the terminator in both short and long rods. However, not only the stoichiometry of the L R l S was identical in LL and HL cells despite the selective loss of the PC terminal disk in HL (Fig. 2, lanes 1 and 2) , but there was also a concomitant disappearance of LR" and LR34'5 during nitrogen starvation. These two observations led us to propose an association of LR" with the Pc-LR34'5 complex, which was in the intermediate position in LL rods and in the external position in HL rods.
The conclusion of all these results leads us to propose a structural model for the PBS of S. maxima under two types of quantum fluxes (Fig. 8) . It consists of an unvariant central core of AP with two associated linker polypeptides (kM97 as the putative PBS-thylakoid membrane attachment linker functioning also as a core substructure stabilizing component, and Lcl3) and of PC rods, whose structure is dependent on light intensity. The rods are composed of several disks of PC associated with their respective linkers: LRC3* with the proximal disk, thus assuming the rod-core link, LR34'5 plus LR15 The setting up of the Pc-LR33 is regulated by light intensity: it disappears under HL conditions. In this case, there are not only a concomitant loss of both rod PC distal hexamer and LR33 polypeptide, but also a new set of PBS-associated polypeptides, Pa7, P30, and PZ9, which might behave as proteins regulated by light intensity.
would be a chaperone protein that would occur in the PBS elaboration in a transitory manner in LL conditions or in a permanent manner in HL conditions.
It is important to note that until now, to our knowledge, nothing has been known about the assembling modalities of the PBS components (PBP and linker polypeptides). The observed transient association of P47 with the PBS indicates that this protein might function as a chaperone protein (Craig et al., 1993) and consequently could be involved in the setting up of the PBS. More information is needed to decide whether the functions of P30 and PZ9 would be similar or different. The reason for the stabilization of the P47-PBS association in HL conditions remains to be determined.
We are currently searching for the occurrence of P47, P3", and PZ9 under HL conditions in subcellular fractions of other cyanobacterial strains. Studies of the genomic control of PBP synthesis in S. maxima are at present being undertaken in our laboratory to specify the regulatory mechanisms of light collection and light adaptation. Owing to the present results, it is already clear that a maximum pigment production (mainly PC) in industrial cultures of Spirulina can be reached through light intensity optimization.
